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ABSTRACT

Seismic reflection data purchased from petroleum industry brokers and
acquired through group speculative surveys were interpreted for information on
the regional subsurface geologic structure and stratigraphy within and
surrounding the Davis and Lavender Canyons study area in the Paradox Basin of
southeastern Utah. Structures of interest were faults, folds, joints, and
collapse structures related to salt dissolution.

The seismic reflection data were used to interpret stratigraphy by
identifying continuous and discontinuous reflectors on the seismic profiles.
Thickening and thinning of strata and possible areas of salt flowage or
dissolution could be identified from the seismic data. Identifiable
reflectors inecluded the tops of the Precambrian and Mississippian, a
distinctive interbed close to the middle of the Pennsylvanian Paradox salt
formation (probably the interval between Salt Cyules 10 and 13), and near the
top of the Paradox salt.

Of the 56 faults ildentified from the seismiec reflection iaterpretation,
33 trend northwest, west-northwest, or west, and most affect only the deeper
part of the stratigraphic section. These faults are part of the deep
structural system found throughout the Paradox Basin, including the fold and
fault belt in the northeast part of the basin. The faults bound basement
Precambrian blocks that experienced minor activity during Mississippian and
early Pennsylvanian deposition, and showed major displacement during early
Paradox salt deposition as the Paradox Basin subsided. Based on the seismic
data, most of these faults appear to have an upward terminus between the top
of the Mississippian and the salt interbed reflector.
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FOREWORD

The National Waste Terminal Storage (NWTS) program was established in
1976 by the U.S. Department of Energy's (DOE) predecessor, the Energy Research
and Development Administration. In September 1983, this program became the
Civilian Radioactive Waste Management (CRWM) Program. Its purpose is to
develop technology and provide facilities for safe, envircmmentally
acceptable, permanent disposal of high-level waste (HLW). HLW includes wastes
from both commercial and defense sources, such as spent (used) fuel from
nuclear power reactors, accumulations of wastes from production of nuclear
weapons, and solidified wastes from fuel reprocessing.

The information contained in this report pertains to the Paradox Basin
geologic studies of the Salt Repository Project of the 0ffice .of Geologic

Repositeries in the CRWM Program.
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1.0 INTRODUCTION

Investigations were conducted by Woodward-Clyde Consultants (WCC) between
1979 and 1983 to identify surface and subsurface structures present in the
vieinity of the Davis and Lavender Canyons in the Paradox Basin, Utzah, that
could impact nuclear waste repository siting or licensing. Structures of
concern included faults, folds, joints, and collapse structures related to
salt dissolution. These structures are significant because they may affect
the tectonic stability of the area surrouanding a repository and the subsurface
integrity of the underground operations area. Both surface and subsurface
information was collected, The surface data were primarily from field
mapping, aerial photography, and satellite imagery. The subsurface
information included existing well logs and geophysical data (seismic
reflection, gravity, and aeromagnetic)}. This report describes the seismic
reflection data that were acquired and summarizes the data interpretation

conpleted to date for the Davis and Lavender Canyons study area by Woodward-
Clyde Consultants.

1.1 STUDY AREA AND DATA ACQUISITION

The study area includes the Gibson Dome fold, the fault systems in the
vicinity of the Needles area and the Abajo Mountains (Shay-Bridger Jack-3alt
Creek graben system and Verdure graben), and the Lockhart Basin collapse
structure (Figure 1-1).%* BSeismic reflection data were acquired for locations
where information on the subsurface extent and configuration of these
structural features could be evaluated. The data were also interpreted for
stratigraphic studies; for example, reflection data were acquired in Davis
Canyon not only to verify the absence of subsurface structures, but also to
confirm estimated stratigraphic thicknesses in the vieinity of the proposed
repository location. The stratigraphic section included the Precambrian
through the Permian. The seismic reflection data in the Paradox Basin allowed
the identification of geologic horizons, ineluding the tops of the Precambrian
basement, Mississippian Leadville Limestone, significant interbeds within the
Paradox Formation, and the structures that affect them.

1.2 APPRDACH

This phase of study of the geologic structure in the Davis and Lavender
Canyons study area involved selecting, acquiring, and interpreting seismic
reflection data and comparing the interpreted data with information from
drillholes and detailed mapping. Data selection and acquisition took place
between 1980 and 1982; data interpretation and geologic analysis took place
during 1982 and 1983. A seismic reflection consultant, J. J. Richard, Inc.,

of Englewood, Colorado, was selected to assist in data selection, acquisition,
and interpretation.

Seismic reflection data that were available were the result of the many
0il exploration effort3 conducted in the Paradox Basin since the 1950s; rights

# Tables and Figures are attached at the back of the report.



to use these proprietary data were purchased through brokers. Additicnal
seismic data were purchased as part of a group speculative survey, where
participants can specify line or station locations and data resolution.
Because such data are owned by all the participants in the original surveys,
the data are considered proprietary, and cannot be reported in original format
by one participant. Original data purchased by Woodward-Clyde Consultants,
including shotpcint locations, remain in WCC files.



2.0 SEISMIC REFLECTION DATA

2.1 SELECTION AND ACQUISITION

Data were selected to obtain broad regional subsurface information in
addition to providing more detailed information over specific structures of
interest. Data quality was an important consideration in the selection
process, but subordinate to location in areas where data were needed.
Consequently, even marginal quality data were obtained where necessary if it
appeared possible to improve the data quality by reprocessing. Data
resolution was considered an important factor in the selection process.
Because shotpoint spacing significantly impacts the resolution of the
subsurface structure (reflecting horizons and faults), the data sets having
the closest spacing were chosen. Approximately 50 percent of the seismic
reflection data available from the study area were considered suitable for
purchase and evaluation.

2.2 DATA REPROCESSING

Most of the seismic reflection lines purchased were originally acquired
by 0il companies; their specific geologic exploration target was usually the
Mississipplan Leadville Limestone. Most of the seismic reflection profiles
from these surveys were processed to obtain detail in the deepest :
(Mississippian and Precambrian) part of the stratigraphic section. The
quality of the data for the shallower reflectors, such as the Paradox salt and
Permian sandstones, could be improved by digitally reprocessing these lines
using proecessing parameters more suitable for reflection times from shallower
horizons. Therefore, some of the o0il company seismic lines were
reprocessed. Several of the speculative survey seismic lines were also
reprocessed to improve interpretability. Approximately 75 percent of all
lines purchased for the project were reprocessed; interpretability of the
selsmic data improved in most cases. Only those seismic lines that needed no
reprocessing or that showed improved interpretability aftrr reprocessing were
interpreted for this study. A total of 43 lines were interpreted (Figure
2-1)3 specifications for these lines are presented in Table 2-1.

2.3 DATA ANALYSIS

During the seismic reflectior interpratation, the reflectors that
characterize the different strata on each profile were identified using known
borehole data, correlations from tie points at profile intersections, and
professional experience. Judgment was required in deciding the source of
reflector discontinuities; these may be caused by such factors as noise in the
data, terrain constraints of the survey itself, changes in lithology,
lenticular heds, or possible faults and dissolution features. The reflection
data were migrated in areas of steeper dips (greater than 8 degrees) to
improve the structural interprsiacion and the identification of faulta,

Faults interpreted from the reflection data were subjectively rated gocod,

falr, or poor, based on the quality of the data. The faults are summarized in
Chapter 3.



Although a seismie line may cross a particular fault, the fault might not
be obaserved because of a poor approach angle or data quality, or if the
displacement was below the limit of resolution. The resolution limit of the
seismic data was approximately 15 m (50 ft) at the depths of the Precambrian
and Mississippian horizons. Fault displacements less than this amount were
generally not observable. The resolution limit increased (or degraded) to 30

to 60 m (100 to 200 ft) in the shallower sections especially above the top of
salt.

Reflection-~-time contours of the top of the Mississippian and top of salt
were constructed using the interpreted seismic reflection prefiles at contour
intervals of 0.05 sec and 0.10 sec, The contoured values are two-way travel
times below a datum elevation of 1,554 m (5,100 ft) above mean sea level. In
areas where seismic line coverage was sparse, data from available downhole
velocity surveys were converted to equivalent reflection time data points for

compiling the reflection time contour maps of the top of salt and the top of
the Mississippian.



3.0 SEISMIC REFLECTION INTERPRETATION

Interpretation of the seismic profiles identified 55 faults. Eleven of
these faults are located either north of the study area near 3Salt Valley or
south of the area near Elk Ridge and are not discussed in this report.
Figures 3-1 and 3-2 illustrate the relationship between the seismic lines and
the remaining 48 faults in the Mississippian and the top of salt,
respectively. Table 3-1 lists the faults, their trend, sense and amount of
throw, and dip of the fault planes, and the reflectors affected. Also shown
are six additional faults that were interpreted solely from well control in
areas where no seismic data were available. Table 3-2 lists those faults and
the relevant wells used. The reflection time contours, sense and amount of
throw, dip of the fault planes, and quality of the data for the interpretation
of the faults are also shown on Figures 3-1 and 3-2.

The seismic reflection data were used to interpret stratigraphy by
identifying continuous and discontinuous reflectors on the seismic profiles.
Thickening and thinning of strata and possible areas of salt flowage or
dissolution can be identified from the seismic data. Identifiable reflectors
included the tops of the Precambrian and Mississippian, a distinctive interbed
close to the middle of the Pennsylvanian Paradox salt formation (probably the
interval between salt cycles 10 and 13), and the top of the Paradox salt.

Some areas alsc show a Devenian reflector beneath the Mississippian Leadville

Limestone and a Permian and/or Pennsylvanian reflector above the Paradox
Formation.

More than half (33) of the faults identified from the seismic reflection
interpretation trend northwest, west-northwest, or west, and most of these
faults affect only the deeper part of the stratigraphiec section (Precambrian
and Mississippian) (Table 3-1). The faults in this category are part of the
deep structural system found throughout the Paradox Basin, including the fold
ard fault belt in the northeast part of the basin., These faults bound
basement Precambrian blocks that were present and experienced minor activity
during Mississippian and early Pennsylvanizn deposition, based upon isepach
patterns (McCleary and Romie, 1986)., The faults also showed major
displacement during early Paradox salt deposition as the Paradox Basin
subsided (WCC, 1982, Vol. I, p. 7-16). Based on the seismic data, most of
these faults appear to have an upward terminus between the top of the
Mississippian and the salt interbed reflector {(Table 3-1).

An unusual feature of the faults bounding the graben structures (Verdure
and Shay systems) is a nested configuration that results in decreasing
structural width up to and including the surficial expression {Figure 3-3).
This will be discussed further in Sections 3.1 and 3.2.

3.1 SHAY GRABEN SYSTEM

The Shay graben system inclures Shay, Bridger Jack, and Salt Creek

grabens, which appear to be en echelon., All three grabens trend east-west to
northeast, and are south of Davis and Lavender Canyons {Figure 1-1). Seismic

lines 33 through 36 and 43 cover this area (Figure 2-1, Sheet 1)}. Line 33 was



purchased as existing data. WCC was an original partieipant in a speculative
survey of the other lines. Shay graben presents some difficulties for
reflection surveys because of its long, narrow structure. Specifications of
the seismic surveys had to be specifieally planned to yield usable seismic
profiles across the graben. The purchased seismic data did not have the
specifications to resolve such a narrow structure.

Seismic line 33 was first interpreted for Shay graben (faults DD and EE;
Figure 3-1, Sheet 2); lines 34 and 35 were later acquired at a closer
shotpoint spacing {Table 2-1). Line 33 follows Highway 211, which has a
right-angle switchback turn as it crosses through the graben. The line
intersects the north fault of Shay graben at an acute angle, enters the graben
zone, and recrosses the north fault to leave the graben zone. This
configuration causes neoise in the data as well as sideswipe (overlapping
reflections); thus, the characteristies of the faults are poorly defined.

Seismic lines 34 and 35 cross the northeastern end of Shay graben
(Figure 2~1, Sheet 1). The maximum surface throw associated with Shay graben
is estimated to be 98 m {320 ft) near Indian Creek (WCC, 1982, Vol. II,
p. 6-4), Analysis of line 34 shows the graben (faults DD and EE) cutting the
Precambrian and Mississippian with a displacement of 30 m (100 ft) on each
fault, a continuous salt interbed reflector above faults DD and EE, and a
continuous top of salt reflector above fault DD (Figure 3-3). An upper graben
bounded by faults KK and LL above the interbedded salt reflector is weakly
suggested by the data (Figure 3-2, Sheet 2). This interpretation suggests
that the salt is undisturbed by the deeper graben. However, the observed
surface displacement at this location along Shay graben is confined to the
Navajo Sandstone, which has an average thickness of 61 m (200 ft) in this
location, and estimates of vertical surface offset (throw) made during surface
mapping are on the order of 3 to 9 m (10 to 30 ft). It is possible that the
graben could extend upward to faults KK and LL, and cut the whole salt section
with a throw of less than 15 m (50 ft} (limit of resclution). However, the
stratigraphic relationship of the upper graben to the lower graben, based on
the seismic data, would argue against continuous faults. At this time, a
mechanism for the nested configuration of the two grabens is not known. One
hypothesis is that the surface graben is the result of dissolution and
collapse. However, the seismic data dc not clearly indicate the presence or
absence of dissolution in the viecinity of seismiec line 34 as it crosses over
Shay graben. Additional information will be needed to understand the
relationship (if one exists) between the upper and lower grabens.

Seismic line 35 is 6 km (Y4 mi) northeast of line 34 near the eastward
terminus of Shay graben (Figure 2-1, Sheet 1). No evidence of the graben is
apparent on the seismic data. At the surface, the north fault of Shay graben
appears to be dying out and the only mappable cuterops show a displacement of
less than 6 m (20 ft). At the southern end of line 35, fault F is a
ncrthwest-trending fault probably related to the Flat Iron Mesa faults to the
north (Figure 3-1, Sheet 1) (Section 3.8),

Seismic line 36 crosses Bridger Jack graben and the southwestern terminus
of Shay graben (Figure 2-1). The interpretation shows Shay graben faults DD
and EE in this location to have 30 m (100 ft) of vertical throw and only



displacing the top of the Mississippian (Figure 3-1, Sheet 2). Within the
limits of the resolution, faults KK and LL do notf. appear to exist at this
location.

Fault FF, south of Shay graben along line 36, has a throw of 15 m (50 ft)
and cuts the Precambrian and Mississippian (Figure 3-1, Sheet 2). Because of
the small offset, this fault may continue upward through the salt reflectors,
without being observable in the seismiec data. No mapped surface fault occurs
at the location of fault FF.

Bridger Jack graben is encountered northward along line 36 (faults II and
HH); the throw could not be estimated because of lack of resolution within the
graben (Figure 3-1, Sheet 2), These faults cut the Precambrian and the
Mississippian reflectors, and do not appear to extend upward through the salt
reflectors. However, Bridger Jack graben (Figure 2-1, Sheet 1} has been
mapped at the surface above the upward projection of faults IT and HH, so the
offset may be less than the resolution limit of the seismic data, and the
faults may continue through to the surface. The throw mapped at the surface
1.6 km (1 mi) west of the seismic line is approximately 30 m (100 ft).

Fault JJ, south of the Bridger Jack graben faults II and HH, has a throw
of 21 m (70 ft) on the Mississippian horizon and appears in the reflection
data to die out before reaching the overlying salt (Figure 3-1, Shest 2).
However, because it appears to coincide with a small surface splay off Bridger
Jack graben (Figure 2-1, Sheet 1) that has a2 mapped surface throw of 3 to 6 m
(10 to 20 ft), it is possible that fault JJ extends upward from the
Mississippian to the surface, with vertical offsets in the overlying salt
horizons below the level of resolution.

North of Bridger Jack graben along line 36, fault GG cuts the Precambrian
and Mississippian reflectors, and has an estimated throw of 21 m (70 ft)
(Figure 3-1, Sheet 2), No mapped gurface fault occurs at the upward
projection of fault GG. If this fault is projected to the northeast; it
should eross seismic line 33B (Figure 3-1, Sheet 2). Because it is not
expressed on line 33B, the fault is interpreted to be dying out toward the
northeast.

Seismic line 43 trends southeast from the Needles fault zone, across Salt
Creek graben, into Beef Basin (Section 3.5)., In the Salt Creek graben area,
the line was not interpretable, thus no faults were identified. In the Shay
graben area, the line crosses the north fault of the graben (DD), a western
projection of the south fault (EE), and fault GG (Figure 3-1, Sheet 2}. The
seismic data indicate that Shay graben probably extends farther west than has
been mapped at the surface, The subsurface extent of at least the lower
graben is 4 to 5 km (2.5 to 3 mi) farther to the west. The western end of
Shay graben is similar in structural style to Bridger Jack and Salt Creek
grabens, and has similar displacement, lending strength to the hypothesis that
these grabens are probably part of one system. '

More data are needed to evaluate whether the Shay graben is the result of
tectonic faulting, disselution, or both; this question could be resolved by
drilling and detailed seismic studies in the vieinity of maximum displacement



along the graben. If the faults penetrate the salt, dissolution is possible
if ground-water recharge is occurring along the fault planes. However, the
seismic data do not seem tc indicate any dissolution. The lack of dissolution
features identifiable in the seismic data may suggest that (1) the Shay graben
faults have been healed by salt flow and are not conduits for ground-water
flow, or (2) the graben was reactivated in recent time and ground water has
not yet affected the salt there. The question of grcund-water recharge along
the faults could also be resolved by drilling in the wieinity of Shay graben.

3.2 VERDURE GRABEN

Seismic line 40A crosses Verdure graben {Figure 2-1, Sheet 1); the graben
is bounded by faults I and I' (Figure 3-1, Sheet 2; latter fault not shown).
The south fault {I) has a throw of 46 m {150 ft) and cuts the whole section
from the Precambrian to the surface (Figure 3-3). 1Its upward projection
coincides with the mapped location of the surface fault. The north fault
(I'), which is adjacent to the A%zio Mountains, appear: to be antithetie to

fault I. It cuts down from the = .. -face and merges with the south fault just
below the top of salt reflector.

Stratigraphically below this graben, another graben is formed by faults H
and J; H appears to be antithetic to fault I (Figure 3-3). These faults cut
the Precambrian through much of the salt although fault J does not displace
the top of salt within the resolution of the data. Fault J has a throw of
46 m (150 £t); fault H has a throw of 76 m (250 ft), Faults H, I, and J were
probably active during postsalt time, and fault I was probably .reactivated
during post-Mesozoic time, resulting in the formation of fault I'. As in the
case of Shay graben at the intersection of seismic line 34, the "nested"
configuration of these grabens is unusual and unexplained at this time.

Faults K and L occur parallel to and south of Verdure graben along line
4pA (Figure 3-1, Sheet 2}. These faults cut only the Precambrian and
Mississippian part of the section, but only fault L has a clearly observable
vertical offset--69 m (225 ft) down on the north. South of faults K and L, ™
fault M is also parallel t¢ Verdure graben. Fault M cuts the Misasissippian
through top of salt reflectors and has a throw of 84 m (275 ft) down on the
north (Figures 3-1, Sheet Z and 3-2, Sheet 2). It is not known whether faults

K, L, and M are structurally related to Verdure graben; none of them has
surfece expression.

Seismie line Y42 crosses the western end of Verdure graben (Figure 2-1,
Sheet 1). The absence of faults in the reflectors suggests a subsurface
termination of the graben west of this location. However, faults could be
present with displacements smaller than the limits of resolution since the
Verdure graben is still observable at the surface at this location.

3.3 LOCKHART BASIN AND HATCH MESA AREA

The area surrounding Lockhart Basin and the Hatch Mesa area to its
southeast had the most extensive seismic coverage of any of the structures
examined for this study; 26 seismic lines were interpreted for this area
{Table 3-3). Only two lines are within Lockhart Basin; the others are on the



northeast, southeast, and southwest perimeters of the basin (Figure 2-1,
Sheets 2 and 3).

Seismic lines 38 and 39 {(Figure 2-1, Sheet 2) were interpreted to define
the lateral boundaries of dissolution and collapse around Lockhart Basin, a
collapse feature where dissolution has removed salt from the section. Seismie
line 38 shows salt present along its entire length; it intersects line 39 at
the edge of Lockhart Basin. Line 38 also indiecates that salt continues to a
peint 1.6 xm (1 mi) north of the Flying Diamond well (Figure 2-1, Sheet 1),
No interpretable reflectors appear east of the northwest-trending fault 0 on
line 39, probably because of the collapsed and brecciated sediments in the
basin. .

Seismic line 39 pinpoints the northwest boundary of collapse within
Lockhart Basin (Figure 2-1, Sheet 2). Seismic lines 2 and 3, bordering the
northeast and southeast sides of the basin, both indicate salt present, so the
northeastern and southern boundaries of collapse seem to follow the
topographic perimeter of Lockhart Basin.

Seismic line 1 (Figure 2-1, Sheet 3) trends ncorthwest-southeast and is
located east of Lockhart Basin on Hatch Mesa. Line 31 (Figure 2-1, Sheet 2)
trends west and then northwest into the same vieinity. Both lines cross the
Lockhart fault (CCC) and show it to be down to the southeast (Figure 3-2,
Sheet 1). The Lockhart fault displaces the top of salt and may displace one
of the salt interbed reflectors; it does not extend downward below the salt to
displace the Mississippian reflector. Because the Lockhart fault does not
affect the entire stratigraphic section, it is probably a tensional feature
resulting from ccllapse of the Lockhart Basin.

Many northwest-trending faults cut the Mississippian reflectors (Figure
3-1, Sheet 1)%. The faults in this northwest-trending group include faults 0,
P, Q, 8, U, ¥V, W, X, AA, and JJJ (Table 3-1). In the vicinity of Lockhart
Basin, the faults are spaced 1.6 to 5 km (1 to 3 mi) apart. Only fault O
displaces both the Mississippian and the top of salt reflectors in this area
(Figure 3-2, Sheet 1).

Fault JJJ (Figure 3-1, Sheet 1) was interpreted solely from well
control®* (Table 3-2), It is down on the southwest and is probably related to
the block faulting common in the Lockhart Basin area. Fault KKK was also
interpreted solely from well control (Figure 3-2, Sheet 13 Table 3-2). It is
parallel to fault Q, which cuts the Mississippian surface (Figure 3-1, Sheet
1), but it is not the same fault; fault Q does not cut upward through the salt
section. Fault KKK is probably similar in origin to fault CCC, that is, a
tensional feature resulting from collapse of the basin. It is down on the
northeast, and is located within what is now the collapsed part of the basin,
80 it could be part of the downward sagging that took place after salt

*#  This plan view alsu covers the Flat Iron Mesa area (Section 3.8); some
faults in that arca extend into Lockhart Basin.

#% Although fault JJJ 1s crossed by seismic line 30, poor data quality did
not z2llow sufficient definition of the fault.



dissolution began. Unlike fault CCC, fault KKK does not have surface
expression.

The Lockhart Basin faults are interpreted tc have throws in the range of
21 to 396 m (70 to 1,300 ft). Half of the northwest-trending faults have
vertical offsets of approximately 91 m (300 ft). These faults are probably
part of the northwest-trending Precambrian fault block system that controlled
the location of the salt anticlines in the northeastern part of the basin.
The southwestern margin of this fault block system borders the northeastern
margin of the Gibson Dome fold. The fold appears to mark the limits of
folding caused by flowage in Paradox salt depcsits because the stratigraphy
becomes more flat-lying to the southwest. The seismic reflection
interpretation supports this hypothesis within its limits of resolution,

Seismic lines 18, 25, and 26 cross fault T, a small northeast-trending
fault (Figure 3-1, Sheet 1) that is down on the northwest and has 46 m
(150 ft) of throw. Faults ZZ (line 32) and DDD (line 26), are small faults
that displace the Precambrian reflector only (Table 3-1), Fault IIT,
interpreted from line 38, is a small fault that displaces only a Pennsylvanian
reflector. The small displacement of these faults, with the exception of
fault T, is indeterminable because they were below the limits of resolution.

The most significant new information about Lockhart Basin from the
seismic data is the expression of the large northwest-trending Mississippian
faults underneath the basin. These faults are probably part of a Precambrian
fault system that experienced minor movement during the early Paleozoic and
major reactivation when the Paradox Basin subsided during the Pennsylvanian
(McCleary and Romie, 1986).

One theory on the origin of Lockhart Basin involves the circulation of
ground water between the Mississippian aquifer and the Pennsyivanian salt,
which was deposited against the Mississippian across the plane of fault 0.
This ground-water circulation began the process of disesiution in post-
Mesozocic time, and the fault extended through the top of salt as a tensional
feature related to the dissolution and collapse of the basin.

It is probable that the bulk of the dissolution and collapse predates the
Quaternary downcutting of the Colorado River. Assuming that the Lockhart
fault was tensional, resulting from dissolution and collapse, Quaternary
displacement on the Lockhart fault would indicate active dissolution.
Trenching studies of the Lockhart fault would address the question of
Quaternary mcvement.

3.4 GIBSON DOME FOLD

Seismic lines 33B and 37 cross the Gibson Dome fold axis at approximately
a right angle (Figure 2-1, Sheet 1); seismic line 30 bends across the fold
axis from perpendicular to parallel {Figure 2-1, Sheet 2). Seismic line 30
shows a subtle thickening of salt as the fold axis is crossed. Data are
discontinuous on seismic line 33B because of terrain difficulties in Indian
Creek; therefore the expression of the fold along this line is poor. Line 38,
which runs parallel to the fold at its southern end, reveals a small fault
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(FFF) that appears to displace the salt interbed, top of salt, and

Pennsylvanian reflectors but has no mapped surface expression (Figure 3-2,
Sheet 1).

A1l seismic lines in the area indicate that the Mississippian reflector
is flat or slightly synelinal beneath the fold. The thickening of salt could
be a result of some salt flowage, increased deposition in the Mississippian
syncline, or probably both. If the fold is the result of compression, the
salt may have acted as a detachment zone between pre-salt and post-salt
units. The fold seems to be undisturbed by faulting except for fault FFF,
which is tensional, reflecting salt flowage from the flank of the fold.

3.5 NEEDLES FAULT ZONE

The terrain surrounding the Needles Fault zone is rugged, providing few
locations for conducting seismic surveys. Seismic line 43 lies across the
southeastern portion of this zone (Figure 2-1, Sheet 1), but its
interpretability was severely limited even after reprocessing. The northwest
end of line 43, where the Needles faults would cross it, has little useful
data; only the Mississippian reflector is observable and it has poor
interpretability. Where the Mississippian reflector is observable, it is not
disturbed by faulting, so the Needles faults appear to be confined to post-
Mississippian strata. More detailed seismic surveys are needed in this area
to provide information about the Needles faults.

3.6 DAVIS CANYON

The southern half of seismic line 37 covers Davis Canyon (Figure 2-1,
Sheet 1) and passes by the proposed repository location. Fault EEE,
identified in the vieinity of Davis Canyon, is a normal fault that cuts only
the Precambrian reflectors. Fault EEE has 30 m (100 ft) of throw, down to the
north. Interpretation of the section above this fault indicates that the
other reflectors are undisturbed, and dip gently toward the basin in this
vieinity.

The northern part of seismic line 37 shows fault R located 3 km (2 mi)
northeast of the potentially acceptable repository location (Figure 3-1,
Sheet 1). This fault, which also appears on seismic line 33B, cuts the
Precambrian through Mississippian reflectors and has an estimated throw of
S0 m (165 ft) down to the southeast. This fault dees not displace the salt
reflectors and is proeobably confined to the deeper part of the stratigraphic
gection.

Seismic line 37 was also interpreted to help estimate depths to the top
of the Paradox Formation and the top of Salt Cycle 6 (potentially acceptable
repository host rock unit) beneath six shotpoint locations (designated by
points A through F on Figure 3-4) near the potentially acceptable repository
location. To obtain depths to the top of salt, elevations of the top of salt
based on line 37 were subtracted from the elevation of the ground surface at
each point, taken from a topograriiic map (Table 3-U4). The borehcle
geophysical log from borehcle GD-1 (Figure 2-1, Sheet 1) was then used to
calculate the interval thickness between the top of salt and the top of Salt

11



Cycle 6 which was estimated to be 58 m (190 ft). Because the seismic
interpretation suggested a fairly uniform thickness between the top of salt
and individual salt cycles in the area between borehole GD-1 and the
potentially acceptable repository location, 58 m (190 ft) was subtracted from
the depth to top of salt to arrive at the depths to Salt Cycle 6. These
depths to the top of Salt Cycle £ at points A through F have an estimated
error of £ 30 m (100 ft) (Tabie 3-4).

3.7 CANE CREEK ANTICLINE

Seismic lines 6, 7, 8, and 21 were located in the area of Cane Creek
anticline (Figure 2-1, Sheet 3). The interpretation of seismic line 6 shows a
thickening of salt as the axis of the antieline is approached. Fault ¥, which
has a throw of 46 to 183 m (150 to 600 ft) down on the southwest, cuts the
Mississippian (Figures 3-1, Sheet 1) but not the top of salt. It is probably
cne of the northwest-trending faults that influenced salt flowage along the

Cane Creek anticline, as did other faults in the Paradox fold and fault belt
te the northeast.

Seismic line 8 shows fault XX as a small fault that cuts the Precambrian
and is down on the northeast, suggesting that it is a northwest-trending
fault. However, the fault only appears on seismic line § and its trend is
questionable. Fault XX is located 2.4 km (1.5 mi) north of the Trough Springs
Canyon surface fault, which trends northeast. No expression of the Trough
Springs Canyon fault, at least in the Mississippian and Precambrian, is
indicated where it is projected to cross seismie line 8. However, this
seismiec line does not have good interpretability in the salt or younger
reflectors, so the fault may actually displace these units, Pault Y also
appears on seiasmiec line 8 (Figure 3-1, Sheet 1).

Northeast of the Cane Creek anticlinal axis, seismic line 21% shows
northwest-trending faults Z and AB as z horst in the Mississippian
(Figure 3-1, Sheet 1). Southwest of fault Z, the salt thickens as the Cane

Creek anticlinal axis is approached. Seismic line 41 also shows fault AB
(Figure 3-~1, Sheet 1).

The Trough Springs Canyon fault is parallel or en echelon with the
Loeckhart fault, suggesting that both could be related to dissolution and
collapse; however, nc evidence of salt dissolution appears on any of the
geiamic lines crossing Cane Creek anticline. The fault throw as measured at
the surface is 61 m (200 ft), which may not be detectable at depth given the
poor interpretability of line 8.

3.8 FLAT IRON MESA/LISBON VALLEY FAULT ZONE

Flat Iron Mesa lies between the Lisbon Valley and Cane Creek anticlines
(Figure 2-1, Sheet 1), and is within the Paradox fold and fault belt. All of
the faults in this area trend Wwest or northwest, parallel to the faults that

# The south end of line 21 shows an excellent cross-section representation of
the anticlinal form.
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bound the salt anticlines in the northeastern part of the Paradox Basin. This
area also includes the Lisbon Valley faults, which were outaide the area of
seismic coverage of this report. AAA, BBB, GGG, and HHH were interpreted
solely from well control (Figure 3-1, Sheet 1; Figure 3-2, Sheet 1§ and Table
3-2). Fault & is a splay from Lisbon Valley fault BBB and was also
interpreted from well control. All of the faults in the Flat Iron Mesa area

except GGG and HHH cut up through the Missisaippian; faults B, BB, GGG, and
HHH cut the top of salt.

Seismic lines 16, 17, and 19 (Figure 2-1, Sheets 2 and 3) show faults in
the western part of Flat Iron Mesa. Faults B and BB form a graben centered
under Hatch Wash Canyon, a minor drainage west of Highway 163 (Figure 3-1,
Sheet 1). The graben structure is best seen on seismic line 17. The graben
cuts all reflectors from the Precambrian through the top of salt. Throw on
the southwest fault B is 46 m (150 £t); no expression of this graben is
observable at the surface. Fault C is parallel to fault B (Figure 3-1,

Sheet 1), and was interpreted from well control.

Seismic line 35 runs north from the eastern terminus of Shay graben into
the Flat Iron Mesa area (Figure 2-1, Sheet 1), Line 414 lies east of and
roughly parallel to the southern half of line 35 and is an extension of
line 40B. Both lines indicate faults in the extreme southern part of the Flat
Iron Mesa area, just northeast of 3hay graben. Fault CC appears on seismic
line 35; faults D and F appear on seismic lines 35 and 414 (Figure 3-1,

Sheet 1). Fault E appears only on seismic line 414 (Figure 3-1, Sheet 1).
Fault G appears on seismic line 40B to the south and cuts the Mississippian
and Precambrian (Figure 3-1, Sheet 2). Faults D, E, F, and G are parallel.

Faults AB and Y extend intc the Flat Iron Mesa area from the Cane Creek
anticline area to the northeast. Fault AB is down on the northeast and is
parallel to fault Y; it was interpreted from well control (Figure 3-1,

Sheet 1}.

3.9 COMPARISON OF MAPPED FAULTS AND FAULTS BASED ON SEISMIC REFLECTION DATA

A comparison between mapped surface faults and faults mapped from the
Mississippian seismic data (Figure 3-5) showed few coincidences; the only
faults that appear to continue through the whole stratigraphic section are
those of Verdure graben and possibly Shay graben (although its nested
configuration suggests discontinuous faulting)}. Surface faulta were also
compared with the interpreted top of salt faults (Figure 3-6); the only faults
common to both are the Lockhart fault and the faults of Shay and Verdure
grabens.
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Table 2-1. Seismic Reflection Surveys

Shotpoint Approximate
Seismic Date of Energy No. of Spacing Line Length
Line No. Trend Survey Source Channels (feet) (miles)

1 NW~SE 1968 Dynamite 24 1,320 10
2 NE 1968 Dynamite 24 1,320 6
3 NE 1968 Dynamite 24 1,320 10
4 NW 1968 Dynamite 24 1,320 3
5 NE 1968 Dynamite 24 1,320 6
6 NE 1968 Dynamite 24 1,320 5
7 NE 1968 Dynamite 24 1,320 3
8 W 1968 Dynamite 24 1,320 8
9 E-W 1968 Dynamite 24 1,320 2
10 NE 1968 Dynamite 24 1,320 4
11 NE 1968 Dynamite 24 1,320 6
12 NE 1969 Dynamite 28 1,320 6
13 NE 1969 Dynamite 24 1,320 6
14 NW 1969 Dynamite 24 1,320 3
15 NE 1969 Dynamite 24 1,320 5
16 NE 1969 Dynamite 24 1,320 5
17 NE 1969 Dynamite 24 1,320 8
18 E-W 1969 Dynamite 24 1,320 Y
15 NE 1969 Dynamite . 24 1,320 3
20 NW 1969 Dynamite 24 1,320 2
21 N-3 1969 Dynamite 24 1,320 4
22 NE 1969 Dynamite 24 1,320 3
23 N=S 1974 Dynamite 48 1,320 6
24 NW 1974 Dynamite 48 1,320 3
25 NE 1974 Dynamite 48 1,320 6
26 NW 1974 Dynamite 48 1,320 5
27 NE 1974 Dynamite 48 1,320 3
28 NW 1974 Dynamite L8 1,320 6
29 N-S 1974 Dynamite 48 1,320 3
30 NE 1974 Vibrator 48 660 6
31 W 1979 Vibrator 48 4up 30
32 W 1682 Vibrator 48 4490 20
33 SW,NW, N 1980 Vibrator 48 440 37
34 NW 1982 Vibrator 96 4y0/220 14
35 N 1982 Vibrator 96 220 15
36 N,NE 1982 Vitrator 96 410 22
37 NE 1981 Vibrator 96 440 11
38 NW 1981 Vibrator 96 4ug 8
39 NW-SE 1981 Vibrator 48 Lko 2
40 N-3 1979 Vibrator 48 440 15
41 N-8 1979 Vibrator 48 4uo 21
42 N 1981 Vibrator 48 Lho )
43 SE,S 1982 Vibrator g6 40 24

Note: 1 ft = 0.3048 m; 1 mi = 71.6093 km.
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Table 3-1. Faults Identified During Selsmic
Reflection Investigation

Fault Approximate Down Thrgw Dip
Designation Trend on the: (ft) a) {Degrees) Reflectors Affected
A Northwest Northeast 150 80 Precamurian through Mississippian
B Northwest Northeast 150 70 Precambrian through Top of Salt
c WNW North 150 70 Precambrian through Mississippian
D Northwaest Southwest 70-600 70 Precambrian through Mississippian
E Northwest Southwest 1350 70 Precambrian through Mississippian
F Northwest Northeast 150 70 Precambrian through Mississippian
G Northwest Northeast 70 70 Precambrian through Mississippian
H WY South 250 70 Precambrian througﬁ‘ Top of Salt
I WNW North 150 80 South fault: Precambrian through Surface
It WNW South - 80 North fault: Top of Salt through Surface
J WNW North 150 75 Precambrian through Interbedded Salt
K WNW - - - Precambrian (?) through Mississippian
L WNW north 225 70 Precambrian (?) through Mississippian
M WY North 275 70 Precambrian (?) through Top of Salt
NE WNW Sauth 500 75 Precambrian (?) through Interbedded Salt
] Northwest Southwest  50-1,300 80 Precambrian through Top of Salt
P Northwest Noziheast 200 80 Precambrian through Mississippian
Q Northwest Northeast 200 70-80 Precambrian through Mississippian
R Northeast South-a.t 165-265 70 Precambrian through Mississippian
S Northwest Northeast 100 80 Precambrian through Interbedded Salt
T Northeast Morthwest 150 80 Precambrian through Interbedded Salt (?)
u Northwest Northeast 70-650 80 Precambrian through Interbedded Salt
v Northwest Northeast 100-800 60 Precanmbrian through Mississippian
w Northwest Northeast 50 60 Precambrian through Mississippian
X Northwest,
North-South East 70 70 Precambrian through Mississipplan
Y Northwest Southwest 150-600 70 Precambrian through Mississippian
Northwest Southwest - -

Precambrian through Mississipplan
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Table 3-1. Faults Identified During Seismic
Reflection Investigation (Page 2 of 2)

Fault Approximate Down Throw Dip

Designation Trend on the: (Ft.) a) (Degrees) Reflectors Affected
AR Northwest Southwest 300 75 Precambrian through Mississippian
B3 Northwest Southwest - 80 Precambrian through Top of Salt
cc Northwest Northeast 150 70 Mississippian
0D Northeast Southeast 100 80 Precambrian through Mississippian
EE Northeast Northwest 100 80 Precambrian through Mississippian
FF Northeast Northwest 50 80 Precambrian through Mississippian
GG Northeast Northwest 70 80 Precambrian through Mississippian
HH Northeast Southeast - 80 Precambrian through Mississippian
II Northeast Northwest - g0 Precambrian through Mississippian
JJ Northeast Northwest - 70 80 Precambrian through Mississippian
KK Northeast Sautheast 100 180 Top of Salt through Pennsylvanian (?)
LL Northeast HNorthwest 100 80 Top of Salt through Pennsylvanian (7)
V\l/ Northeast Northwest 50 80 Mississippian
XX Northwest(?)  Northwest(?) 150 60 Precambrian
zz northwest(?)  Southwest(?) - - Precambrian
AB Northwest Northeast 1,000 - Precambrian through Mississippian
AAAb Northwest Northeast - - Precambrian through Mississippian
BBBb Nor thwest Northeast 2,400 - Precanbrian through Mississippian
cce Northeast Southeast 120-300C 80 Interbedded Salt through Top of Salt
DoD Northeast(?)  Southeast(?) - - Precambrian
EEE Northwest(?)  Northeast(?) 100 80 Precambrian
FrF Northeast(?} West 80 Interbedded Salt through Pennsylvanian
GGGb Northwest Southwest - - Interbedded 5alt through Top of Salt
HHHb Northwest Northeast - - Interbedded Salt through Top of Salt
I1I Northwest(?)  Southwest(?) - - Pennsylvanian
JJJb Northwest Southwest - - Precambrian through Mississippian
k®  Northwest Nartheast - - Top of Salt

(a) 1 7t = 0.3048 m.

(b) Faults interpreted solely from well control data.

(c) Faults MM through UU, W¥ and YY are located morth of this study area near $alt valley, or south of

the area near Elk Ridge, and are not discussed in this report.
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Table 3-2. Faults Identified Solely on Well Data

Fault Well Data

BAA Mt. Fuel Milk Ranch: Sec. 32, T37S-R20E
Pan Am #2 Elk Ridge: Sec. 18, T35S5-R20E
Union 0il of Calif.: Seec. 2, T353-R20E
E.B. LaRue #1 Butler Wash: Sec. 3, T385-R21E

BBB Pure La Sal: See. 19, T29S-R24E
Gulf Chevron Fed: Sec. 24, T29S-R23E

GGG Pure: Sec. 3, T29S-R2LE
Beleo State: Sec. 33, T30S-R24E
Gulf Chevron Fed: Sec. 24, T29S-R23E
Pure La Sal: Sec. 19, T29S-R24E

HHH Belco State: Sec. 32, T29 1/2-R24E
Pure 2 NW Lisbon: Sec. 3, T303-R24E /
Opine St. Small Fry: Sec. 2, T3GS-RZﬂE
Pure St.: Sec., 2, T30S-R24E //

JJJ Pan Am Lockhart: Sec. 26, T28S-R20E
Pam Charles: Sec., 31, T28S~R21E
Damson: Sec. 5, T2983-R21E

KKK Pan Am Charles: Sec. 31, T28S-R21E
Kimbark Braun: Sec. 33, T283-R21E
Damson: Sec¢. 5, T293=-R21E
Husky Fed: Sec. 15, T295-R21E
Pan Am Lockhart: Sec. 26, T285-R20E
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Table 3-3. Lockhart Basin/Hatch Mesa Seismic
Lines and Faults

Line'® Location®? Fault(®) Comments

1 East of LB cce, 0, X X: sinuous trace; not a graben;

0: fault plane migrated.
2 'chtheast of LB vV, W
3 Scuthern edge of L8 0, u Line also used to delimit salt at (B perimeter;
fault planes migrated.

4 North of LB v Short line.

5 Southeast of line 2 X

9 Eastern edge of LB Q Short line.

10 Southeast of LB 0, s Extension of line 27; faults form a downdropped

wedge.

11 worthwest of line 10 g, S, U Fault planes migrated.

1z Southeast of line 10 0

13 Northwest of linre 5 X

14 Northwest of Trough nene Same route as northern portion of line 31.

Springs Fault

15 Southeast of HM 0

16 Southeast of line 15 B B: Flat Iron Mess.

18 Across northeast end of T

line 12

19 Southeast of line 15 B B: Flat Iron Mesa.

23 West of HM g, u

24 lSoutheast of LB 0, q

25 Southeast of LB U, 0, T

26 Across HM 0, T, DDD 0: fault plare migrated,
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Table 3-3, Lockhart Basin/Hatch Mesa S»ismic
tires and Faults {Page 2 of 2)

Line(®) anation(b) Fault(c) Comments
27 South of HM u, 0, s Adjoins line 10.
28 South of HM 0,P S 0: sinuous fault trace.
29 Southeast of Bridger none
Jack Mesa
31 Across HM cce, 0, U, CC CC: Flat Iron Mesa.
32 fcross HM 0, U, 5, 7z
28 West perimeter of LB AA, III, FFF, D FFF: Gibson dome fpld; D: Flat Iron Mesa
39 In LB 0

(a) Llocations of lines are shown on Figure 2-1, Sheets 2 and 3.
(b) B = Lockhart Basin; HM = Hatch Mesa.

(e} Faults cutting top of salt or Mississippian are shown relative to seismic lines on Figures 3-1
and 3-2.
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Table 3-4. Depth to Salt Cycle 6 - Davis Canyon

Topographic Depth to
Elevation at Elevation of Depth to Top of (b)
Point(?) Top of Salt Top of Salt Salt Cycle 6
Location (ft) (ft) (ft) (ft)

A 5,020 2,238 2,782 2,972

B 5,040 2,283 2,757 2,947

c 5,080 2,323 2,757 2,947

D 5,100 2,413 2,687 2,877

E 5,130 2,433 2,697 2,877

F 5,150 2,478 2,672 2,862

Note: 1 £t = 0.3048 m.

(a) Estimated from 1:;24,000-scale topographic map.

‘") Calculated as depth to top of salt plus 190 feet, the interval between

the top of 3alt Cyele 6 in borehole GD-1.

23



'Sﬁoul‘r’! 109°45' 109°30°
E‘; :

.

in

o

JHATCH

~ELYING MES A~
DIAMOND. "
5L
m
gl ‘
-ln —
O[5

n -
£l
110°18"
LOG 1490
REV,1--10/11/84




20’ 108°15' 10
- — — —_—

38°30

WIOAR

(1]

L ILDRADO

ARIZON N MU

EXPLANATION

20

. PROPOSED BOREHOLE

° EXISTING BOREHOLE

38°15'

v

v——— FAULT, DASHED WHERE
APPROXIMATE, DOTTED WHERE|
CONCEALED, U, UPTHROWN
SIDE. D, DOWNTHROWN SIDE

*—-‘—» FOLD AXIS

10'

05

SOURCE:
WOODWARD-CLYDE
CONSULTANTS. 1982

38°00'

55'

5 jO M

0
L
(l) 5 _LU kmi

50'

MAP OF GEOLOGIC STRUCTURES
DAV!S AND LAVENDER CANYONS
STUDY AREA

37°45

Figure 1-1

Project No. i7000
Clyde

s




. lioeis!

) o3 110°00" 85 50" 109°45'

[e]
] T {
@
™ \)
¢
- H
.
ol ) !
o -
8 - RUSTLER.
© 7 DCME ™)
Fy]
5
R
L\2]
oL
g
N
|
i
GD~, '
N (PROPSED)
8 | ,r)« B
i
;
L —
.
- 5
L0
& ,
nl.
n So—
ol
3]
T
n
i
Wl 3
" " W

110°15'

109°45' 109°30"

0G 1491
EV.1~10/11/84



109°15' 10' 05'g
e T " VIVORIRG
UlaH
; . L OLORADD “N-
-5
AREZONE HYY MEYILO
EXPLANATION
for detailed seismic -
coverage'in this area. e
J FROPOSED BOREHOLE
) ° EXISTING BOREHOLE
['e]
]
- FAULT, DASHED WHERE
APPROXIMATE, DOTTED WHERE
CONCEALED, U, UPTHROWN
SIDE, D, DOWNTHROWN SIDE
z | ~—f—FoLD AXiS
LOCATION AND NUMBER
| OF SEISMIC REFLECTION
: SURVEY LINE
. |
8 — SEISMIC LINE NUMBER
CHANGE
(=]
o
22}
M
v}
w0
e “zlgé,:pllnn!i“un : 9 51 130 Mi
0 5 10 km
- L J
Q
b K3
SEISMIC REFLECTION COVERAGE MAP
2 - -
= Project No. 17000 Figure 2—T
o5 Woodward-Clyde Consultants Sheet 1 of 3

27 -




A
9°30'
LOG1491

REV.1-10/11/84




EXPLANATION

LOCATION AND NUMBER
OF SEISMIC REFLECTION
LSURVEY LINE

SEISMIC LINE NUMBER
CHANGE

LAT tran o B

-a7BSA L .. l ‘:

See Sheet 3 for acditional coverage

‘ 38715

0 2 4 € Mi
L | i |
0 2 4 6 km
L | il |
SEISMIC REFLECTION COVER 1AP
Project Mo. 17000 v igure 2—1 -
Voodward-Clyde Consultants Sheet 2 of 3

29




109°30'

™

xa

LOG 1481
REV.1—10/11/84



-{38°15'

- O

EXPLANATION

LOCATION AND NUMBER
OF SEISMIC REFLECTION

SURVEY LiNE

See Sheet 2 for additional coverage

-

N

N

2>
x
3

SEISMIC REFLECTION COVERAGE MAP

Project No, 17000 Figure 2—1
ward-Clyde Consulta

31

nts Sheet 3 of 3




_mwE 10arss

wra =

e U SRR
— . s BT \Jvf‘
S W \\\\\\k\\\x\

a
Z
R2tE \

% e\

0040 109°20

——
26 1539
EMO0-8/2/83



R24E 109°1G" R2HE - R26E .
[ B30

109°20'

L YORING

UTal

e

COLORADO

KRIZONA NEW MEXICO

EXPLANATION

—0o — REFLECTION TIME CONTOUR,
050 SECONDS =325 FEET

£ g FAULT; E= FAULT DESIGNATION,
U=UPTHROWN SIDE, D=DOWNTHROWN
SIDE,T-70'= THROW IN FEET,
70°=DIP

33 ~ SEISMIC REFLECTION
LINE WITH LINE NUMBER

* DISPLACES ONLY PRECAMBRIAN
*% DISPLACES ONLY PENNSYLVANIAN

NOTE QUALITY RATINGS (GOOD, FAIR
AND FOOR)REFER TO THE INTER-
PRETABILITY OF THE FAULTS.
SOME QUALITY RATINGS HAVE
BEEN OMITTED IN THE HATCH
MESA AREA BECAUSE OF THE
DENSE COVERAGE.

REFLECTION TIME CONTOURS, TOP OF
MISSISSIPPIAN, MISSISSIPPIAN FAULTS
AND SEISMIC LINES

e ——
Praject Ne. 17000 Figure 3—1
Woodward-Clyde Consultants Sheet 1 of 2

"33




RIBE

108*30' RISE

| 57080

o
nYla

37°40°

8- |

5
37730 RIBE

GG

RISE

R20E

R2IE

R22E

Blanding

R2ZE

Monticel,

109°50°

108°40"

1094 30"

LOG 1540
‘REV.0-8/3/83



——
RZ3E 105°20" R24E — T RESE 10970 R26E

WYOMING

UTAH

] COLORASO
Ay

t
Eoni

ARIZONA NEW MEXTCO

EXPLANATION

— reo—— REFLECTION TIME CONTOUR,
080 SECONDS =325 FEET

SEZZNE FAULT; E=FAULT DESIGNATION,
U=UPTHROWN SIDE, D=DOWNTHROWN
SIDE,T-70'= THROW IN FEET,
70°=DIP

34 SEISMIC REFLECTION
LINE WITH LINE NUMBER

[
<
o
=]

s NOTE: QUALITY RATINGS (GOOD, FAIR
AND POOR} REFER TO THE INTER-
PRETABILITY OF THE FAULTS.

Blanding -
Y
4
, ]
.~
p
N
v [“
{
.
- a7
4 H
N
<
)
; . J — o 2 4 & 8 Mi
i L | ]
i (
R23E i RZ4E A R2S5 R26E o 2 4 6 Bkm
109°20° 109°10° { |

REFLECTION TIME CONTOURS, TOP OF
MISSISSIPPIAN, MISSISSIPPIAN FAULTS
AND SEISMIC LINES

Project No. 17000 Figure 3—1
Woodward-Clyde Conaultants Sheet 2 of 2

L ' 35




Flse Gl R23g (o1 o)
. IGEaG KK R0t 10
k) ihlod W2IT g R
2% 1080 30" 22E
el — 100020

—
1542
»-8/2/83




p—— f24E 109°16° R25E _ JRese
R23E oo 2 - T zs«w['
VFYCAING

UTAH

ET? COLORADO

—— T

ARIZONR HEW MEXICO

EXPLANATION

--to0— REFLECTION TIME CONTOUR,
.100 SECCNDS =650 FEET

4§12, g FAULT; E=FAULT DESIGNATION,
: U=UPTHROWN SIDE, D=DOWNTHROWN

s SIDE, T-70'= THROW IN FEET,
- T0°=DiP
B 33 ____._ SEISMIC REFLECTION
LINE WiTH LINE NUMBER
S
2

AND POCR)REFER TO THE INTER-

-\ NOTE: QUALITY RATINGS (GOQD, FAIR
i PRETABILITY OF THE FAULTS.

[
JEI0Y
T
kS
T 0 2 4 5] 8 Mi
32 { ! [ I i
0 2 4 8 B km
R2¢E 30700 [Era—. | 1 |

1
109°20° 10910

REFLECTION TIME CONTOURS, TOP OF
SALT, TOP OF SALT FAULTS AND
SEISMIC LINES

Project No, 17000 Fiaure 3—2
Woodward-Clyde Consultants Sheet 1 0L2__

37




RISE 109°50° RIGE
3800 f !

RIE ol |

wia

e

RISE |RI9E RZOE | R2|E

109°50" 10940

R2ZE
109°30

o |
4
E
| S
AL

———
06 1543 .
'EV.0-8/2/83



00G

Pkl

londing

}
!

_109°20°

£3 1 S

R24E

——

RESE _109°10

RZSE

129°10°

ATQMIMN

atan

MW Wy

1
SOLURALD ‘j !
=

|

»
nga

u
w3

EXPLANATION

—wo— REFLECTION TIME CONTCUR,
.10C SECONDS =~ 83GFEET

SeRELE FAULT, E=FAULT DESIGNATION,
U=UPTHROWN SIDE, D=DOWNTHROWN
SIPE, T-70'= THROW IN FEET,
T0°=DIP

SEISMIC REFLECTION
LINE WITH LINS NUMEES

NOTE: QUALITY RATINGS (GOOD, FAIR
AND POOR)REFER TO THE INTER~
PRETABILITY OF THE FAULTS.

0 ? 4 8 $Mi
i i

REFLECTION TIME CONTOURS, TGP OF
SALT, TOP OF SALT FAULTS AND :
SEISMIC LINES 1

Geophysical Letter Report

Figure3=2 J.
Sheet 2.0f Z

Project No. 17000

Woodiward-Clyde
39



SSE

NNW

=¥ =l

\ 7
ﬁ

100" 80

SALT

INTERBEDDED SALT

ol0g ,Qo_.v._.

(2]

LL

KK

[V}

MiSS
PRE-CAMBRIAN

O/oom_/

001 -y

EE

SHAY GRABEN

C 150 o



VERDURE GRABEN

TOP OF SALT

INTERBEDDED SALT

DEVONIAN

T B

PRE_CAMBRTAN

EXPLANATION
— SALT __ REFLECTOR WITH
STRATIGRAPHIC
IDENTIFICATION

L_T7% 7% FAULT. U=UPTHROWN SIDE,

o D=DOWNTHROWN SIDE,
T-70'=THRQW IN FEET,
70°=DIip

. 1 Mi
¢ . .
0 1km
[ S—

SCHEMATIC OF
NESTED FAULT CONFIGURATION

Figure 3-3

I Project No. 17000
Mﬂﬁlm

41




EXPLANATION

REFLECTION TIME CONTOUR,
{See Figure 3-2)
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ALABAMA STATE GEOLOGICAL SURVEY
THORNTON L. NEATHERY
AMERICAN ROCK WRITING RESEARCH
JOHN NOXON
APPLIED RESEARCH ASSOCIATES
STEVEN WOOLFOLK
ARGONNE NATIONAL LABORATORY
DORLAND £, EDGAR
DOUGLAS F. HAMBLEY
WYMAN HARRISON
MARTIN SEITZ
MARTIN ], STEINDLER
ARIZONA STATE UNIVERSITY
PAUL KNAUTH
ARTHUR D. LITTLE INC
CHARLES R. HADLOCK
ATOMIC ENERGY CONSULTANTS
DONALD C. ANDERSON
ATOMIC ENERGY CONTROL BOARD—CANADA
KEN SHULTZ
ATOMIC ENERGY OF CAMADA LTD
T. CHAN
BATTELLE MEMORIAL INSTITUTE
JAMES DUGUID
JOHN T. MCGINNIS
JETFREY L. MEANS
CARL SPILKER
BATTELLE PACIFIC NORTHWEST LABORATORIES
PAUL A, EDDY
HECHTEL NATIONAL INC
BEVERLY S. AUSMUS
LESLIE |, JARDINE
T. R. MONGAN
BENDIX FIELD ENGINEERING CORP
LARRY M. FUKU!
CHARLES A. JONES
ANTHONY ZAIKOWSKI
BERKELEY GEQSCIENCES/HYDROTECHNIQUE
ASSOCIATES
BRIAN KANEHIRO
BOWDOIN COLLEGE
EDWARD P, LAINE
BRIGHAM YOUNG UNIVERSITY
WILLIAM M. TIMMINS
BRITISH GEOLOGICAL SURVEY
DAVID MICHAEL MCCANN
BROOKHAVEN NATIONAL LABORATORY
M. S. DAVIS
HELEN TODOSOW {2)
BROOME COMMUNITY COLLEGE
BRUCE QLDFIELD
BROWN UNIVERSITY
MICHELE BURKE
BUNDESANSTALT FUR GEQOWISSENSCHAFTEN
UND ROHSTOFFE—W. GERMANY
MICHAEL LANGER
HELMUT VENZLAFF
BUREAU DE RECHERCHES GEOLOGIQUES ET
MINIERES—FRANCE
BERNARD FEUGA
PIERRE F. PEAUDECERF
BUTTES GAS & QIL COMPANY
ROBERT NORMAN
CALIFORNIA DEPT OF CONSERVATION
PERRY AMIMITO
CELSIUS ENERGY COMPANY
NICK THOMAIDIS .
CENTER FOR INTERDISCIPLINARY STUDIES
DAVID M. ARMSTRONG
CER CORPORATION
ELLA JACKSON

DISTRIBUTION LIST

CHEVRON OIL FIELD RESEARCH COMPANY
BJORN PAULSSON
CITIZENS AGAINST NUCLEAR DISPOSAL INC
STANLEY D. FLINT
COLBY COLLEGE
BRUCE . RUEGER
COLORADO GEOLOGIC INC
MIKE E. BRAZIE
COLORADO GEOLOGICAL SURVEY
JOHN W, ROLD
COLORADO SCHOOL OF MINES
w. HUSTRULID
COLUMBIA UNIVERSITY
M. ASHRAF MAHTAB
CORNELL UNIVERSITY
ARTHUR L. BLOOM
FRED H. KULHAWY
ROBERT POHL
D.R.E.
KARL J. ANANIA
DAMES & MOORE
RON KEAR
CHARLES R. LEWIS
DEAF SMITH COUNTY LIBRARY
DEPT OF ENERGY, MINES AND RESOURCES -
CANADA
A. 5. JUDGE
DESERET NEWS
1OSEPH BAUMAN
DFEUTSCHE GESELLSCHAFT ZLUM BAU UND
BETRIEB VON ENDLAGERN
GERNOT GRUBLER
DISPOSAL SAFETY INC
BENJAMIN ROSS
DYNATECH RESEARCH/DEVELOPMENT
COMPANY
STEPHEN E. SMITH
E.l. DU PONT DE NEMOURS & CO
A. B. MILLER
EARTH RESOURCE ASSOCIATES INC
SERGE GONZALES
EARTH SCIENCE AND ENGINEERIMG INC
LOU BLANCK
EARTH SCIENCES CONSULTANTS INC
HARRY L. CROUSE
EBASCC SERVICES
GARRY MAURATH
EBASCO SERVICES INC
KATHLEEN E. L. HOWE
ECOLOGY & ENVIRONMENT INC
MICHAEL BENNER
EG & G IDAHO INC
BRENT F. RUSSELL
ELSAM=—DENMARK
ARNE PFDERSEN
ENERGY FUELS NUCLEAR INC
DON M. PILLMORE
ENGINEERS INTERNATIONAL INC
ROBERT A. CUMMINGS
LIBRARY
MADAN M. SINGH
ENVIRONMENTAL DEFENSE FUND
JAMES B. MARTIN
ENVIRONMENTAL POLICY INSTITUTE
DAVID M, BERRICK
ENVIRQSPHERE COMPANY
ROGER G. ANDERSON
EXXON COMPANY
. MEICHAEL FARRELL
F.|. SCHLUMBERGER
PETER ALEXANDER
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FENIX & SCISSON INC
CHARLENE U. SPARKMAN
FINNISH CENTRE FOR RADIATION AND
NUCLEAR SAFETY
KAl JAKOBSSON
FLORIDA INSTITUTE OF TECHNOLOGY
JOSEPH A. ANGELO, JR.
FLORIDA STATE UNIVERSITY
JOSEPH F, DONOGHUE
FLUID PROCESSES RESEARCH GROUP BRITISH
GEOLOGICAL SURVEY
NEIL A. CHAPMAN
FLUOR TECHNOLOGY INC
WILLIAM LEE (F2X}
THOMAS O. MALLONEE, JR (F2X)
FOUR CORNERS COMMUNITY MENTAL HEALTH
CENTER
BOE GREENBERG
FRIENDS OF THE EARTH
JEAN BROCKLEBANK
GARTNER LEE ASSOCIATES LTD—CANADA
ROBERT E. }. LEECH
GEOLOGICAL SURVEY OF CANADA
JEFFREY HUME
LIBRARY
GEOMIN INC
). A. MACHADD
GEORGIA INSTITUTE OF TECHNOLOGY
ALFRED SCHNEIDER
CHARLES E. WEAVER
GEOSTOCK—FRANCE
CATHERINE GOUCNAUD
GEQSYSTEMS RESEARCH INC
RANDY L. BASSETT
GEQTHERMAL ENERGY INSTITUTE
DONALD F, X. FINN
GEQTRANS INC
JAMES MERCER
GOLDER ASSOCIATES
MELISSA MATSON
J. W. V0SS
GOLDER ASSOCIATES—~CANADA
CLEMENT M, K. YUEN
GRAND COUNTY HIGH SCHOOL LIBRARY
GRAND COUNTY PUBLIC LIBRARY
GRIMCO
DONALD H. KUPFER
GRUPPE OKOLOGIE (GOK)
JURGEN KREUSCH
GUSTAVSON ASSOCIATES
RICHARD M. WINAR
HANFORD QVERSIGHT COMMITTEE
LARRY CALDWELL
HART-CROWSER AND ASSOCIATES
MICHAEL BAILEY
HARVARD UNIVERSITY
CHARLES W. BURNHAM
DADE W. MOELLER
RAYMOND SIEVER
HARZA ENGINEERING COMPANY
PETER CONROY
HIGH LEVEL NUCLEAR WASTE OFFICE
PATRICK D. SPURGIN (5)
HIGH PLAINS WATER DISTRICY
DON MCREYNOLDS
A. WAYNE WYATT
HITACHI WORKS, HITACHI1 LTD
MAKOTO KIKUCHI
HOUGH-NORWOOD HEALTH CARE CENTER
GEORGE H. BROWN, M.D.



HUMBOLDY STATE UNIVERSITY
JOHN LONGSHORE .
ILLINO1S DEPT OF NUCLEAR SAFETY
JOHN COOPER
ILLINO1S STATE GEOLOGICAL SURVEY
KERQS CARTWRIGHT
MORRIS W. LEIGHTON
L. DONALD MCKAY, Il
INDIANA GEQLOGICAL SURVEY
MAURICE BIGGS
INDIANA UNIVERSITY
CHARLES J. VITALIANO
INSTITUT FUR TIEFLAGERUNG—W. GERMANY
H. GIES
INSTITUTE OF GEOLOGICAL
SCIENCES—ENGILAND
STEPHEN THOMAS HORSEMAN
INTER/FACE ASSOCIATES INC
RON GINGERICH
INTERA TECHNOLOGIES INC
JAMES E. CAMPBELL
F. J. PEARSON, JR.
JOHN F. PICKENS
MARK REEVES
INTERNATIONAL ENGINEERING COMPANY INC
MAX ZASIAWSKY
INTERNATIONAL GROUND WATER MODELING
CENTER
PAUL K. M. VAN DER HEIIDE
INTERNATIONAL RESEARCH AND EVALUATION
R. DANFORD
INTERNATIONAL SALT COMPANY
JOHN VOIGT
IRAD-GAGE
R. BOYD MONTGOMERY
IT CORP
MORRIS BALDERMAN
FETER C. KELSALL
LIBRARY
CARL £. SCHUBERT
ITASCA CONSULTING GROUP INC
ROGER HART
|.LE.T. AGAPITO & ASSOCIATES INC
MICHAEL P. HARDY
J.L. MAGRUDER & ASSOCIATES
J. L. MAGRUDER
JACKSON STATE UNIVERSITY
EBIMO D. UMBUY
JACOBY & COMPANY
CHARLES H. JACOBY
JAY L. SMITH COMPANY INC
JAY L. SMITH
1GC CORPORATION—JAPAN
MASAHIKO MAKINO
JOHNS HOPKINS UNIVERSITY
JARED L. COHON
KANSAS STATE GEOLOGICAL SURVEY
WILLIAM W. HAMBLETON
KELLER WREATH ASSOCIATES
FRANK WREATH
KETTERING FOUNDATION
ESTUS SMITH
KIZRSCH ASSOCIATES GEOSCIENCES/RESOLURCES
CONSULTANTS INC
GEORGE A. KIERSCH, PH.D.
KIHN ASSOCIATES
HARRY KIHN
KLM ENGINEERING INC
B, GEORGE KNIAZEWYCZ
KUTA RADIO
KUTV-TV
ROBERT LOY

LACHEL HANSEN & ASSOCIATES INC
DOUGLAS E. HANSEN
LAWRENCE BERKELEY LABORATORY
JIOHN A. APPS
EUGENE P. BINNALL
NORMAN M. EDELSTEIN
M. 5. RING
CHIN FU TSANG
1. WANG
LAWRENCE LIVERMORE NATIONAL
LABORATORY
HUGH HEARD
NAIHSIEN MAD
LAWRENCE MCKAGUE
THOMAS E. MCKONE
LAWRENCE D. RAMSPOTT (2)
DAVID B. SLEMMONS
TECHNICAL INFORMATION DEPARTMENT
WASTE PACKAGE TASK LIBRARY
JESSE L. YOW, JR.
LEAGUE OF WOMEN VOTERS OF UTAH
SANDY PECK
LOCKHEED ENGINEERING & MANAGEMENT
COMPANY
STFVE NACHT
LOS ALAMOS NATIONAL LABORATORY
ERNEST A, BRYANT
B. CROWE
AREND MENER
DONALD 7. QAKLEY
LYLE FRANCIS MINING COMPANY
LYLE FRANCIS
M.}, OCONNOR & ASSOCIATES LTD
M. J. OCONNOR
MARTIN MARIETTA
CATHY 5. FORE
MASSACHUSETTS INSTITUTE OF TECHNOLOGY
DANIEL METLAY
MEMBERS OF THE GENERAL PURLIC
DONNA AHRENS
L. ROBERT ANDERSON
ROGER H. BROOKS
JAMES D. BRUNET
LAWRENCE CHASE, PH.D.
TOM & SUSAN CLAWSDN
ROBERT DEADMAN
GHISLAIN DEMARSILY
GERALD A. DRAKE, M.D.
WARREN EISTER
GERALDINE A. FERRARD
CARL A. GIESE
KENNETH GU3ICOTT
MICHAEL T. HARRIS
MICHAEL R. HELFERT
CHARLES B. HUNT
HAROLD L. JAMES
KENNETH S. JOHNSON
LINDA LEHMAN
CLIVE MACKAY
DUANE MATLOCK
W. D. MCDOUGALD
A, ALAN MOGHISSI
F. L. MOLESKI
TONY MORGAN
CARQLINE PETT!
L. M. PIERSON
RUS PURCELL
ELLIOTT A, RIGGS
ZUBAIR SALEEM
OWEN SEVERANCE
LEWIS K. SHUMWAY
HARRY W, SMEDES
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P. E. STRALEY-GREGA
JOEL SWISHER
M. ], SZULINSKI
MESA COUNTY PUBLIC LIBRARY
GEORGE VAN CAMP *
MICHIGAN DISTRICT HEALTH DEPT NO. 4
EDGAR KREFT
MICHIGAN TECHNOLOGICAL UNIVERSITY
DAE S. YOUNG
MIDDLEYON LIBRARY
M. 5. BOLNER
MINNESOTA GEOLOGICAL SURVEY
MATT 5. WALTON
MISSISSIPPI BUREAL OF GEOLOGY
MICHAEL B. E. BOGRAD
MISSISSIPPI DEPT OF ENERGY AND
TRANSPFORTATION
RONALD |. FORSYTHE (3)
MISSISSIPPI MINERAL RESOURCES INSTITUTE
MISSISSIPP} STATE DFPY OF HEALTH
EDDIE S. FUENTF
GUY R, WISON
MITRE CORP
LESTER A. ETTLINGER
MONTICELLO HIGH SCHOOL LIBRARY
MEDIA CENTER
MONTICELLO NUCLEAR WASTE INFORMATION
OFFICE
CARL EISEMANN (2)
MORRISON-KNUDSEN COMPANY INC
BILL GALE
MICHELLE L. PAURLEY
NATIONAL ACADEMY OF SCIENCES
|OHN T, HOLLOWAY
NATIONAL BOARD FOR SPENT NUCLEAR FUEL,
KARNBRANSLENAMDEN=—SWEDEN
NILS RYDELL
NATIONAL HYDROLOGY RESEARCH
INSTITUTE=CANADA
DENNIS |. BOTTOMLEY
NATIONAL PARK SERVICE
CECIL D. LEWIS, JR.
L. L. MINTZMEYER
PETER L. PARRY
NATIONAL PARKS & CONSERVATION
ASSOCIATION
TERRI MARTIN
NATIONAL SCIENCE FOUNDATION
ROYAL E. ROSTENBACH
NATIONAL WATER WELL ASSOCIATEON
VALERIE ORR
NEW MEXICO BUREAU OF GEQLOGY
BILL HATCHELL
NEW MEXICO ENVIRONMENTAL EVALUATION
GROUP
ROBERT H. NEILL
NEW MEXICC INSTITUTE OF MINING AND
TECHNOLOGY
JOHN L. WILSON
NEW YORK STATE DEPT OF ENVIRONMENTAL
CONSERVATION
PAUL MF2CES
NEW YORK STATE GEOLOGICAL SURVEY
JAMES R. ALBANESE
NEW YORK STATE HEALTH DEPT
JOHN MATUSZEK
NEW YORK STATE PUBLIC SERVICE
COMMISSION
FRED HAAG
NEYER, TISEQ, & HINDO LTD
KAL R. HINDO
NORTH CAROLINA STATE UNIVERSITY
M. KIMBERLEY



NORTHEAST LGUISIANA UNIVERSITY
ROBERY E. DOOLEY
NORTHWESTERN UNIVERSITY
BERNARD . WOOD
NUCLEAR ENERGY AGENCY/OECD—FRANCE
ANTHONY MULLER
NUCLEAR REGULATORY COMMISSION
BANAD N. JAGANNATH
NUCLEAR SAFETY RESEARCH ASSOCIATION
HIDETAKA ISHIKAWA
NUCLEAR WASTE CONSULTANTS
ADRIAN BROWN
NUS CORP
W. G, BELTER
OAK RIDGE NATIONAL LABORATORY
| O. BLOMEKE
ALLEN G, CROFF
DAVID €. KOCHER
T. F. LOMENICK
FRANCOIS G. PIN
ELLEN D. SMITH
SUSAN K, WHATLEY
ONR DETACHMENT
DAVID EPP
ONTARIO DEPT OF CIVIL ENGINEERING
F. SYKES
ONTARIQ HYDRO—CANADA
K. A. CORNELL
ORANGE COUNTY COMMUNITY COLLEGE
LAWRENCE E. OBRIEN
ORGANIZATION FOR ECONOMIC
COOPERATION AND DEVELOPMENT—FRANCE
STEFAN G. CARLYLE
PACIFIC NORTHWEST LABORATORY
DON ). BRADLEY
CHARLES R. COLE
FLOYD N, HODGES
R. JEFF SERNE
R. E. WESTERMAN
PARSONS BRINCKERHOFE QUADE & DOUGLAS
INC
T. R. KUESEL
ROBERT PRIETO
PARSONS BRINCKERHOFF/PB-KBB
J. R. SCHMEDEMAN
PARSONS-REDPATH
KRISHNA SHRIYASTAVA
GLEN A. STAFFCRD
PB-KEB INC
JUDITH G. HACKNEY
PENNSYLVANIA STATE UNIVERSITY
MICHAEL GRUTZECK
DELLA M. ROY
WILLIAM B, WHITE
PHYSIKALISCH-TECHNISCHE BUNDESANSTALT—
W. GERMANY
PETER BRENMNECKE
POTASH CORPORATION OF SASKATCHEWAN -
CANADA
GRAEME G. STRATHDEE
POTASH CORPORATION OF SASKATCHEWAN
MINING LIMITED
PARVIZ MOTTAHED
POWER REACTOR AND NUCLFAR FUEL
DEVELOPMENT CORP—JAPAN
PRESEARCH INC
MARTIN S. MARKOWICZ
R.). SHLEMON AND ASSOCIATES INC
R. |, SHLEMON
RANDALL COUNTY LIBRARY
RE/SPEC INC
GARY D. CALLAHAN
PAUL I. GNIRK

RHODE ISLAND OFFICE OF STATE PLANNING
BRUCE VILD
ROCKWELL HANFORD OPERATIONS
RONALD C. ARNETT
ROCKWELL INTERNATIONAL ENERGY SYSTEMS
GROUP
HARRY PEARLMAN
ROGERS & ASSOCIATES ENGINEERING CORP
ARTHUR A. SUTHERLAND
ROY E. WESTON INC
DAVID F. FENSTER
SAM PANNG
JILL RUSPL
KAREN $T. JOHN
LAWRENCE A. WHITE
ROYCES ELECTRONICS INC
ROYCE HENNINGSON
SALT LAKE CITY TRIBUNE
JIM WOOLF
SAN JUAN COUNTY LIBRARY - MONTICELLO
SAN JUAN RECORD
JOYCE MARTIN
SANDIA NATIONAL LABORATORIES
JOY BEMESDERFER
ROBERT M. CRANWELL
ROBERT GUZOWSKI
THOMAS O. HUNTER
A. R, LAPPIN
R, W, LYNCH
JAMES T. NEAL
SCOTT SINNOCK
WOLFGANG WAWERSIK
WENDELL WEART
SAVANNAH RIVER LABORATORY
CAROL JANTZEN
SCIENCE APPLICATIONS INTERNATIONAL CORP
MARY LOU BROWN
BARRY DIAL
DAVID H. LESTER
JOHN E. MOSIER
DOUGLAS A OUTLAW
MICHAEL E. SPAETH
ROBERT T. STULA
M. D. VOEGELE
KRISHAN K. WAHI
SHAFER EXPLORATION COMPANY
WILLIAM E. SHAFER
SHANNON & WILSON INC
HARVEY W. PARKER
SIERRA CLUB
MARVIN RESNIKOFF
3ROOKS YEAGER
SIERRA CLUB—COLORADO OPEN SPACE
COUNCIL
ROY YOUNG
SIERRA CLUB LEGAL DEFENSE FUND
H. ANTHONY RUCKEL
SIMECSOL CONSUETING ENGINEERS—FRANCE
MATTHEW LEONARD
SOUTH DAKOTA GEOLOGICAL SURVEY
MERLIN | TIPTON
SOUTH DAKOTA OFFICE OF ENERGY POLICY
STEVEN M. WEGMAN
SOUTHERN CALIFORNIA EDISON CO
JOHN LADESICH
SOUTHWEST RESEARCH AND INFORMATION
CENTER
DON HANCOCK
SPRING CREEX RANCH
DALTON RED BRANGUS
SPRINGVILLE CITY LIBRARY
STANFORD UNIVERSITY
IRWIN REMSON
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STATE UNIVERSITY OF NEW YORK AT
CORTLAND
JAMES E. BUGH
STONE & WEBSTER ENGINEFRING CORP
JOHN PECK
ARLENE C. PORT
EVERETT M. WASHER
SWEDISH GEOLOGICAL
LEIF CARLSSON
SWISHER COUNTY LIBRARY
SYRACUSE UNIVERSITY
[. E. ROBINSON
SYSTEMS SCIENCE AND SOFTWARE
PETER LAGUS
TECHNICAL INFORMATION PROJECT
DONALD PAY
TERRAFORM ENGINEERS INC
FRANCIS S. KENDORSKI
TEXAS A & M UNIVERSITY
JOHN HANDIN
JAMES E. RUSSELL
TEXAS BUREAU OF ECONOMIC GEQOLOGY
WILLIAM L. FISHER
TEXAS DEPT OF HFALTH
DAVID K. LACKER
TEXAS GOVERNORS OFFICE
STEVE FRISHMAN
TEXAS STATE HOUSE OF REPRESENTATIVES
fULIC CARUTHERS
TEXAS WORLD GPERATIONS INC
DAVID JEFFERY
THE BENHAM GROUP
KEN SENOUR
THE DAILY SENTINEL
JiM SULLIVAN
THE EARTH TECHNOLOGY CORP
DANIEL D. BUSH
FRED A. DONATH (2)
|JOSEPH G. GIBSON
DAN MELCHIOR
JAMES R. MILLER
MATT WERNER
KENNETH L. WILSON
THE RADIOACTIVE EXCHANGE
EDWARD L. HELMINSK!
THE SEATTLE TIMES
ELOUISE SCHUMACHER
THOMSEN ASSOCIATES
C. T. GAYNOR, Il
TIMES-PICAYUNE
MARK SCHLEIFSTEIN
U.5. ARMY CORPS OF ENGINEERS
ALAN BUCK
U.5. BUREAU OF LAND MANAGEMENT
GENE NODINE
EDWARD R. SCHERICK
GREGORY F. THAYN
U.S. BUREAU OF MINES
ANTHONY IANNACCHIONE
U.S. BUREAU OF RECLAMATION
JOHN BROWN
AL R. JONEZ
REGE LEACH
UC-150 & UC-760
U.S. DEPT OF COMMERCE
" PETER A, RONA
LS, DEPT OF ENERGY
RICHARD BLANEY
R. COOPERSTEIN
NEAL DUNCAN
HM FIORE
LAWRENCE H. HARMON
MICHAELENE PENDLETON (2)



PUBLIC READING ROOM
U.5. DEPT OF ENERGY - CHICAGO OPERATIONS
OFFICE
BARRETT R. FRITZ
PUBLIC READING ROOM
R. SELBY
U.5. DEPT OF_ ENERGY—~ENGINEERING AND
LICENSING DIVISION
RALPH STEIN
U.S. DEPT OF ENERGY - IDAHO OPERATIONS
OFFICE
PUBLIC READING ROOM
U.S, DEFT OF ENERGY - QAK RIDGE
OPERATIONS OFFICE
PUBLIC READING ROOM
U.5. DEPT OF ENERGY—0FFICE OF ENERGY
RESEARCH
FRANK ). WOBBER
U.5. DEPT OF ENERGY—0ST! {317)
U.S. DEPT OF ENERGY—REGION VIII
SIGRID HIGDON
U.S. DEPT OF ENERGY—SALT REPOSITORY
PROJECT OFFICE
J. O. NEFF
U.S. DEPT OF ENERGY - SAN FRANCISCO
OPERATIONS OQFFICE
PUBLIC READING ROOM
U.S. DEPT QF LABOR
KELVIN K. WU
U.S. BEPY OF THE INTERIOR
MATTHEW JAMES DEMARCO
F. L. DOYLE
PAUL A. HSIEH
U.S. ENVIRONMENTAL PROTECTION AGENCY
JAMES NEIHE!SEL
U.5. ENVIRONMENTAL PROTECTION AGENCY—
DENVER REGION VIl
PHIL NYBERG
U.S. GEOLOGICAL SURVEY
GEORGE A. DINWIDDIE
VIRGINIA M. GLANZMAN
CERHARD W. LEO
EDWIN ROEDDER
RAYMOND D, WATTS
.5, GEOLOGICAL SURVEY—DENVER
M. 5. BEDINGER
JESS M. CLEVELAND
ROBERT [. HITE
FREDERICK L. PAILLET
WILLIAM WILSON
U.S. GEOLOGICAL SURVEY—RESTO!
[MING CHOU
NEIL PLUMMER
EUGENE H. ROSEBOOM, [R.
DAVID B. STEWART
__NEWELL J. TRASK, JR. )
U.S. GEOLOGICAL SURVEY-WATER RESOURCES
DIVISION
PETER DAVIES
U.S. NUCLFAR REGULATCRY COMMISSION
R. BOYLE
EILEEN CHEN
DOCKET CONTROL CENTER
GEQSCIENCES BRANCH
PAUL F. GOLDBERG
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